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Abstract. A study of the absorption systems toward the 
gravitationally lensed quasar APM 08279+5255 is pre- 
sented. 

Most of the Mg n systems in the redshift range z ~ 1.2— 
2.07, although saturated, show large residuals at the bot- 
tom of the lines. The most likely interpretation is that 
individual clouds within Mg n halos do cover only one of 
the two brightest QSO images. The separation between 
the two lines of sight decreases from 1.7 to 0.7 /i^f kpc 
(q — 0.5, z\ cns — 1) between z = 1.22 and z — 2.07. This 
reveals that Mg n halos are made of a collection of clouds 
of radius smaller than about 1 /iy 5 kpc. 
Two strong Mg n absorbers at z a b s = 1.062 and 1.181 are 
studied in detail. This is the first time that the Na IA3303 
doublet is detected in such high redshift systems. To- 
gether with the detection of the Mg IA2852 transition, 
this strongly constrains the physical characteristics of the 
gas. The N(N& l)/JV(Mg i) ratio is found to be larger 
than unity, implying that the gas is cool and neutral. The 
Doppler parameters measured in individual and well de- 
tached components is probably as small as 1 km s . The 
column densities of Na I, Ca II, Mg I, Ti II, Mn n and Fe II 
observed at z a t, s = 1.1801 are very close to that observed 
along the line of sight towards 23 Ori in our Galaxy. The 
shape of the QSO continuum is consistent with attenu- 
ation by dust at z ~ 1 (Ay ~ 0.5 mag). Altogether it 
is found that the H I column density at z = 1 is of the 
order of 1 to 5 10 21 cm~ 2 , the corresponding metallicity 
is in the range 1-0.3 Zq, the overall dust-to-metal ratio 
is about half that in our Galaxy and the relative deple- 
tion of iron, titanium, manganese and calcium is similar to 
what is observed in cool gas in the disk of our Galaxy. The 
objects associated with these two systems could both con- 
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tribute to the lens together with another possible strong 
system at z a b s = 1.1727 and the strong Lyman-cv system 
at z abs = 2.974. 

The probable damped Lyman-a system at z a b s = 2.974 
has 19.8 < log N(H i) < 20.3. The transverse dimension 
of the absorber is larger than 200 pc. Column densities 
of Al II, Fe II, Si II, C II and O I indicate abundances rela- 
tive to solar of -2.31, -2.26, -2.10, -2.35 and -2.37 for, 
respectively, Fe, Al, Si, C and O (for log N(R i) = 20.3). 
These surprizingly similar values indicate that the amount 
of dust in the cloud is very small as are any deviations from 
relative solar abundances. It seems likely that the upper 
limits found for the zinc metallicity of several damped 
Lyman-a systems at z > 3 in previous surveys is indica- 
tive of a true cosmological evolution of the metallicity in 
individual systems. 

Key words: quasars: absorption lines, quasars: individ- 
ual: APM 08279+5255 



1. Introduction 

The gravitationally lensed Broad Absorption Line (BAL) 
QSO APM 08279+5255 (z cm = 3.911) has been given 
much attention since its discovery by Irwin et al. (1998), 
as it is one of the most luminous objects in the uni- 
verse even after correction for the gravitational lensing in- 
duced amplification. Adaptive-optics imaging has revealed 
two main components (Ledoux et al. 1998b), separated 
by 0.378+0.001 arcsec as measured on HST/NICMOS 
data (Ibata et al. 1999), and of relative brightness 
F B /F A = 0.773+0.007. The HST images reveal also the 
presence of a third object C with F C /F A = 0.175+0.008, 
located in between A and B and almost aligned with 
them. The point-spread-function model fits on the three 
objects are consistent with the three components being 
point-sources, and their colors are similar within the un- 
certainties. There is no trace of the lensing object up to 
magnitude V = 23. 
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A high S/N ratio high- resolution spectrum of APM 
08279+5255 was obtained at the Keck telescope (Ellison 
et al. 1999a, b), and made available to the astronomical 
community. This spectrum, though complicated by the 
combination of light traveling along three different sight- 
lines, is a unique laboratory for studying the intervening 
and associated absorption systems. 

In this paper we study the structure of six interven- 
ing Mg II systems at 1.2 < z < 2.07 and the physical 
characteristics of the gas in two very strong Mg II sys- 
tems detected at z a b s = 1-06 and 1.18, which, we argue, 
are damped Lyman-a systems and may well reveal the 
lensing galaxies. We also comment on a third probable 
damped Lyman-a system at z a b s = 2.974. This paper is 
organized as follows: the data are described in Section 2; 
the structure of the intervening Mg II systems is investi- 
gated using the covering factor analysis in Section 3; we 
demonstrate that the Mg n systems at z a bs — 1-06 and 1.18 
are damped Lyman-a systems in Section 4; we discuss a 
probable damped Lyman-a system at z a bs = 2.974 in Sec- 
tion 5. We adopt H a = 75 km s _1 Mpc -1 and q — 0.5 
througout the paper. 

2. Data 

A high S/N ratio, high-resolution spectrum of the 
z em = 3.911 quasar APM 08279+5255 was obtained 
with the HIRES echelle spectrograph at the 10m Keck- 
I telescope (Ellison et al. 1999a, b). This data was made 
public together with a low-resolution spectrum of the 
quasar and a high-resolution spectrum of a standard 
star. We have corrected the high-resolution spectrum of 
APM 08279+5255 for small discontinuities in the contin- 
uum, which are probably due to the inappropriate merging 
of different orders. These discontinuities have been rec- 
ognized by comparing the high and low-resolution spec- 
tra. The latter is also used for normalization of the high- 
resolution data. Atmospheric absorption features were 
identified from the standard star spectrum. Voigt profile 
fitting of the absorption features have been performed us- 
ing the context FITLYMAN (Fontana & Ballester 1995) of 
the European Southern Observatory data reduction pack- 
age MIDAS and the code VPFIT (Carswell et al. 1987). 
We have measured the final spectral resolution by fitting 
the narrow atmospheric absorption lines which are free of 
blending. We find FWHM - 8 km s" 1 (b ~ 4.8 km s" 1 ) 
at 6900 A, R = 37500, and use this value throughout the 
paper. 

3. Structure of the intervening z > 1 Mg II 
absorbers 

Ellison et al. (1999b) have already noted that the two lines 
of some of the Mg nAA2796,2803 doublets cannot be fitted 
with the same column density and Doppler parameter. As 
can be seen on Fig. fy, most of the systems have a doublet 
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Fig. 1. Covering factor (bottom panels) of six Mg II sys- 
tems observed along the line of sight to APM 08279+5255 
calculated from the profiles of the Mg nA2796 (top panels) 
and Mg IIA2803 (middle panels) absorptions. 

ratio close to unity inspite of having residual intensities in 
the normalized spectrum close to 0.5. 

If the background source is a point source and if the 
Mg nA2796 absorption line is resolved, then the residual 
intensity of the normalized spectrum measured at any ve- 
locity v with respect to the centroid of the line, is equal 
to e~ T ( v \ where t(v) is the optical depth at v and the 
residual intensity of the Mg IIA2803 line is e~ T(u)/2 . It is 
apparent from Fig. [j] that the above condition is not full- 
filled for most of the Mg n doublets. 

There are two possibilities to explain this. If the 
lines are not resolved, the measured residual intensity 
is affected by convolution of the true absorption profile 
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Fig. 2. Best fit of the Mg II doublet at z ahs = 1.5523 with 
five narrow components (b < 1.5 km s _1 ) and a covering 
factor / = 1 (reduced x 2 of 1.5). 

with the instrumental profile. This can introduce artificial 
residuals at the bottom of the saturated absorption fea- 
tures (see e.g. Lespine & Petitjean 1997). Alternatively, as 
the observed light is a combination of light from different 
images, it is possible that the column densities are differ- 
ent along different lines of sight and, as a limiting case, 
that the absorbing cloud does not cover all the images. 
We discuss these different possibilities below. 

3.1. Unresolved narrow- components 

If the absorption profiles are made up of unresolved com- 
ponents, the observed residual intensity does not corre- 
spond to the real optical depth. Given the resolution of 
the spectrum (R ~ 37500), a saturated Mg nA2796 line 
can have a residual intensity in the normalized spectrum 
of 0.5 if its Doppler parameter is smaller than 1.5 km s _1 . 
In that case, the residual intensity of the Mg IIA2803 line 
is in the range 0.5-0.6, depending on the actual column 
density. The two equivalent widths differ by no more than 
20% (see e.g. Lespine & Petitjean 1997). 

The system at z a b s = 1.5497 can be indeed fitted this 
way using 10 components with b values in the range 1.1— 
1.7 km s _1 . In that case the well detached cloud in the red 
wing (see Fig. 0) is fitted with two adhoc nearly identi- 
cal components though the Mg nA2796 profile is perfectly 
fitted with a single resolved component model. However 
the one-component model cannot explain the strengths of 
the two Mg II lines without invoking partial coverage (see 
below). 

We use the z a b s = 1.5523 system to illustrate the 
case. The final spectrum has a defect in the center of the 
Mg nA2796 line. We have therefore used three individual 
exposures of high S/N ratio (Ellison private communica- 
tion) to correct for this. The final optical depth varia- 
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Fig. 3. Best fits of the z abs = 1.5523 Mg n and Fe II ab- 
sorption lines obtained with five narrow (b < 1.5 km s _1 ) 
components and / = 0.6 (top panel, reduced \ 2 of 0.9) 
and three broader (b > 2.5 km s _1 ) components and 
/ = 0.45 (bottom panel, reduced \ 2 of 0.6). The fit pa- 
rameters are given in Table 1. 



tions from one spectrum to the other is about 2%. Fig. g 
shows the best fit to the doublet considering full coverage 
(/ = 1). Five narrow components (b < 1.5 km s _1 ) are 
needed. Although good (reduced x 2 01 1-5), the fit is not 
completely satisfactory. We have fitted consistently the 
Mg II together with the Fe n lines considering that only 
one of the brightest sources is covered. With five compo- 
nents, a good fit (reduced x 2 of 0.9), shown on Fig. [|, is 
obtained if B is not covered (/ = 0.6). Details of the sub- 
component parameters are given in Table 1. As the Mg n 
doublet ratio is close to one, small b values are needed 
even with the assumption of partial coverage. 

It should be noted however that a Doppler parameter 
smaller than 1.5 km s" 1 corresponds to a temperature 
smaller than 3500 K, a surprizingly small temperature for 
this gas which is most probably ionized. Allowing for a 
smaller number of components, we can find a good fit with 
only three components, / = 0.45 and reduced \ 2 = 0-6 
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Fig. 4. Probable Mg II system at z abs = 1.1727. Most 
of the lines are blended but the similarity of the Fe II, 
Mg II and Ca n profiles supports the identification. Verti- 
cal dotted lines indicate the positions of the four probable 
components. 

(see Fig. | and Table 1). The b values are larger than 
2.5 km s _1 relaxing the restriction on the temperature. 

A statistically acceptable fit is difficult to find for the 
systems at z a b s = 1.221 and 1.5523. The red wing of the 
Mg nA2803 line at z a b s = 1.221 is blended with another 
absorption feature which we found difficult to identify. 
It could be Mg IA2852 at z ahs = 1.1727. This system is 
possibly detected by Fe nAA2344,2382, Mn nA2576 and 
Ca nA3934 (see Fig. [|). The other lines are either below 
the detection limit or blended. Confirmation of the Ca II 
lines, which are free of blending, would be particularly im- 
portant as, probably, the presence of this additional sys- 
tem, together with the presence of the three damped sys- 
tems at z a b s = 1.062, 1.181 and 2.974 (see below) should 
be taken into account in any model of the lens. 

3. 2. Partial covering factor 

3.2.1. Computing a covering factor 

We can interpret the observations in terms of a cover- 
ing factor which is the fraction of the background source 
covered by the absorbing cloud. The relative brightness 
of the three sources are FA,B,c/-ftot = 0.513, 0.397 and 



Table 1. Fit parameters for the z a bs = 1-5523 system 
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0.090 (Ibata et al. 1999). If one line-of-sight is completely 
absorbed (condition imposed by the fact that the doublets 
are saturated) and the other free of absorption, then the 
covering factor is 0.40, 0.49, 0.51 and 0.60 if, respectively, 
B only, B+C, A only and A+C are covered (the case C 
only is very unlikely as C is close to A and located in be- 
tween A and B, Ibata et al. 1999; see however Srianand 
& Petitjean 2000). Given the uncertainties, if only one 
line-of-sight is completely absorbed, the covering factor 
should be in the range 0.4-0.6. Of course, it is larger if 
the second line-of-sight is not completely clear. We have 
computed the covering factor for the Mg II systems using 
the method described by Srianand & Shankaranarayanan 
(1999). This assumes that the lines are resolved. It can be 
seen in Fig. |l| that for the three systems with z a b s < 1-7, 
the covering factor ranges between 0.5 and 0.6 whereas 
for the systems with z > 1.7, the covering factor is larger 
(but always less than 0.8) with the possible exception of 
the z a bs = 2.0668 system. The latter system is quite weak 
however and uncertainties are large. The values of the cov- 
ering factor for the three lower redshift systems suggest 
that the clouds cover one of the two brightest background 
sources only. This has to be investigated in more detail 
however. 

3.2.2. Optical depths along different sightlincs 

In this Section we investigate the effect of the optical 
depth being different along different sight lines. In order to 
make our analysis simpler, we consider only two images, 
A and B, with fractional flux contributions F\ — 0.6 and 
i<2 = 0.4. Suppose the optical depth along the two sight 
lines are n and t 2 then the measured residual intensities 
are, 

i?(2796) = F ie - Tl +F 2 e- T2 (1) 
i?(2803) = F ie - Tl/2 +F 2 e- T2/2 

The residual intensities can be written as (Srianand & 
Shankaranarayanan 1999), 

i?(2796) = l-f + fe- T (2) 
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Fig. 5. Panels (a) and (b) give, respectively, the observed residuals i?(2796) and i?(2803) in the normalized spectrum 
and in the center of the Mg nAA2796,2803 lines as a function of T2 for different values of t\. t\ and T2 are the optical 
depths in the center of the Mg IIA2796 line along, respectively, line of sight number one towards image A and line of 
sight number two towards image B (see Eqs. 1 and 2). It is assumed that the fractional flux contributions are /1 = 0.6 
and fi — 0.4. The two horizontal dotted lines show the range of observed values. Panel (c) gives the ratio of the 
residual intensities of the two absorption lines as a function of T2 for different values of t\ . The dotted lines show the 
observed values in the three systems at z a b s < 1.7. In panel (d) the derived covering factor / (Eq. 3) is shown as a 
function of t\ for different values of T2- Measured values are indicated by dotted horizontal lines. 



i?(2803) = l-f + fe- T/2 

where, / and r are the resulting covering factor and optical 
depth and therefore, 

= [1 - fl(2803)] 2 
7 1 + i?(2796) - 2i?(2803) 1 ' 

From Eqs. (1) and (3) one can derive / as a function of Ft, 
F2, n and T2- This analysis assumes that the absorption 
profiles are resolved in the HIRES spectrum. As F\ and F2 
are known from observation, the covering factor depends 
on Ti and T2 only. 

In order to investigate the parameter space we have 
computed and plotted on Fig [| the covering factor (panel 
d), residual intensities of the lines (panels a and b) and 
their ratio (panel c) as a function of T2 for different val- 
ues of T\. In panels (a) and (b), the two horizontal dotted 



lines show the range of observed values for the Mg II sys- 
tems with z a bs<l-7. In panel (c) the dotted lines give the 
measured values for the three low-redshift Mg 11 systems. 

As expected, when n = T2, / = 1 (albeit with various 
ratios of residual intensities) and for t\ ^ ti the cover- 
ing factors are less than 1.0. When t\ > (respectively 
Ti < T2), the covering factor is in the range 0.6-1.0 (re- 
spectively 0.4-1.0). Conversely, the observed residual in- 
tensities, i?(2796) and i?(2803), together with the mea- 
sured covering factor, /, can be used to constrain t% and 

T2- 

The covering factor estimates for z a bs< 1-7 systems 
are in the range 0.5 and 0.6 (see Fig. [I]). This, together 
with the observed residual intensities, indicates that the 
absorbing gas is saturated along one sight line only with 
optical depth ratios as large as ten. For example, the well 
detached component in the red wing of the z a b s = 1-5497 



6 



system has / = 0.6 (with a typical error of 0.02), a 
residual intensity ratio ^0.84 (with a typical error of 0.02) 
and R(2796)~0.40 at the core of the line. This implies that 
the contribution to this absorption comes mainly from the 
line of sight toward A+C with the optical depth along B 
being more than an order of magnitude smaller. 

3.3. Equivalent width ratio 

The precise determination of the strength of the ab- 
sorption lines along different lines of sight should await 
HST/STIS spectroscopic observations. Though we derived 
some information on this in the previous Section using 
the absorption line residual intensities, the results depend 
crucially on the assumption that the absorption lines are 
resolved. We can complement the previous analysis us- 
ing the total equivalent widths and their ratios without 
making any assumption about the spectral resolution In 
addition, when considering total equivalent widths, the 
consequence of contamination by weak lines is small un- 
like in the case of the analysis of the residual intensities. 
The constrains are much weaker however. 

Let us assume that the absorption is saturated along 
line of sight number one and optically thin along line of 
sight number two. Therefore Wf eal (2796) = W[ cal (2803) 
and W 2 real (2796) = 2xM^' cal (2803). The combined ob- 
served equivalent width ratio is: 

1 ^"'(2796) Fi 
W ohs (28Q3) _ 2 + W |°"(2796)Tg 

W ohs (2796) ~ i , wr al (2796) Fl { > 

~r W| eal (279e) F 2 

where Fx and Fi are the fractional flux contributions 
of the two distinct background sources. In Fig. ^, we 
have plotted W r 1 rcal (2796) /VF 2 rcal (2796) versus I¥ obs (2803) 
/VK obs (2796) for F 1 /F 2 = 0.65 (1 is B; 2 is A+C), 1 (1 is A 
or B+C; 2 is B+C or A) and 1.5 (1 is A+C; 2 is B). The 
vertical dashed-dotted lines correspond to the observed 
doublet ratios of the systems at z a b s = 1.221, 1.5523 and 
of the reddest component of the z a bs = 1.5497 system. 

From Fig. ^, it can be seen that the z a b s = 1.221 sys- 
tem (doublet ratio of 0.96) requires the ratio of the equiv- 
alent widths of Mg nA2796 along the two lines of sight to 
be larger than 8. and the column densities along the two 
sightlines differ by more than an order of magnitude. 

3.4- Dimension of individual clouds 

Rauch ct al. (1999) have observed strong variations of 
C II and Si n absorptions at z = 3.538 along two sight- 
lines separated by only 13/i _1 pc. However, as the veloc- 
ity difference between the quasar and the system is only 
6000 km s -1 , it cannot be excluded that the latter sys- 
tem is somehow associated with the quasar. Variations 
of the strength of metal line systems have also been re- 
ported along adjacent lines of sight with larger separa- 
tions (5-10 kpc) by Monier et al. (1998) and Lopez et al. 




W(2803)/W(2796) 

Fig. 6. Equivalent width ratio of the Mg IIA2796 absorp- 
tion line along two different line-of-sights 1 and 2 versus 
the observed doublet ratio for three different flux ratios 
F1/F2 — 0.65 (solid line), 1 (dashed-dotted line) and 1.5 
(dashed line). The Mg 11 doublet is assumed to be satu- 
rated along line-of-sight 1 and optically thin along line-of- 
sight 2. The doublet ratios observed for six Mg 11 systems 
toward APM 08279+5255 are shown as vertical dashed- 
dotted and dotted lines for z a b s < 1.5 and z a b s > 1.5 re- 
spectively. Rcdshifts are indicated next to the lines. 

(1999). Each time however a damped Lyman-a system is 
seen along one of the sightlines. Contrary to these previ- 
ous studies, the Mg 11 systems we examine here are most 
likely to be associated with halos of intervening galaxies. 

From the detection of associated galaxies, radii of the 
order of 35ft -1 kpc have been derived for Mg 11 halos pro- 
ducing absorptions with equivalent widths W t > 0.3 A at 
z < 1 (Bergeron & Boisse 1991, Steidel 1993). Dimensions 
of the same order have been derived from the study of 
Mg 11 systems seen along two lines of sight separated by 
3 arcsec (Smette et al. 1995). The latter authors find a 
lower limit of 22 kpc for the radius of Mg 11 absorbers 
with W T > 0.3 A at 0.5 < z < 1.3. 

If we assume that the lensing galaxy 
of APM 08279+5255 is at zi cns ~ 1 (see next Section), 
the separation between the two lines of sight to A and 
B decreases from 1.7 to 0.7 kpc (q a = 0.5) between 
z — 1.22 and z = 2.04 and is more than an order of magni- 
tude smaller than the radius of Mg 11 halos at intermediate 
redshift. Although evolution is probable, it would be re- 
ally surprizing that the Mg 11 systems studied here with 
W t < 0.5 A at z a bs > 1-2 have characteristic dimensions 
more than an order of magnitude smaller than what is 
derived at lower redshift. If true, this would suggest that 
the structure of the Mg 11 halos at these redshifts differs 
substantially from that at lower redshifts. 

A more likely explanation of these observations is that 
the halos are composed of a collection of clouds (see Petit- 
jean & Bergeron 1990; Srianand & Khare 1994) and that 
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individual clouds cover only one sight line. The number 
density of clouds is large enough so that the total covering 
factor of the halo is close to one, consistent with observa- 
tions of associated galaxies. However, individual clouds, 
regularly spread over the velocity profile by kinematics, 
cover only one image of the lens. The number density of 
clouds is not large enough for the absorption material to 
cover the two lines of sight at all velocities. The distance 
over which the optical depth, and hence the column den- 
sity of Mg II , changes by at least one order of magnitude 
a t z abs<l-7 is smaller than ~ lh^ 5 kpc. In contrast, the 
two strong Mg n systems at z a bs = 1-06 and 1.18 (see be- 
low) have covering factor equal to one (the lines are satu- 
rated and go to the zero level) over more than 200 km s _1 . 
These latter systems are likely to arise due to absorption 
through central regions of galaxies where the number of 
clouds is so large that saturated absorption occurs along 
both lines of sight whatever the radius of the individual 
clouds might be. 
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4. The two Mg II systems at z a b s 
1.181 



=1.062 and 



The presence of a strong Mg II system (W r A2803 ~ 2.4 A) 
at z a bs ~ 1-18 was already mentioned by Irwin et al. 
(1998). There is an additional even stronger Mg n sys- 
tem at z abs = 1-062 (W r A2803 - 3.3 A). Although the 
Mg II lines are redshifted in the Lyman-a forest and may 
be blended with Lyman-a intervening absorptions, the 
existence of the system is confirmed by numerous lines 
redshifted redward of the quasar Lyman-a emission. As 
the two brightest images of the lensed quasar have similar 
magnitudes, it is expected that the lines of sight to both 
images pass through the core of the lensing object where 
strong Mg n absorption is likely to occur. The gravita- 
tional lensing may thus result from the cumulative effect 
of the two galaxies associated with these two absorbing 
systems together with the objects responsible for the pos- 
sible system at z a bs = 1-1727 (see Section 3.1) and the 
other damped Lya system at z a b s = 2.974. Absorptions 
from Mg II, Fe II, Ca II, Mn II, Ti II and Na I are seen in 
both systems (see Figs. 

4--1- Na I absorptions 

In both Mg II systems, the weak Na iAA3303,3303 dou- 
blet is detected (see Figs. 7 and The fact that the 
two lines of the doublet are seen with consistent strengths 
gives confidence that the identification is correct. We have 
identified lines from other metal line systems in the vicin- 
ity of the doublet. The spectra of APM 08279+5255 and 
the standard star are compared in Fig. ^ to rule out the 
possibility that the absorption features are of atmospheric 
origin. 

The column densities obtained by Voigt profile fitting 
are large, log iV(Na i) = 12.9 and 13.5 at, respectively, 




Nal_3303b 



Nal_3303a 



1 P 
0.5 




MgII_2803 




200 -200 

Relative velocity (kms -1 ) 



Fig. 7. Absorption in a few transitions on a velocity scale 
with origin at z a bs = 1.06230. Vertical dashed lines mark 
velocity components discussed in the text. 



z.„. = 1 1807 




200 -200 

Relative velocity (kms ) 




Fig. 8. Absorptions in a few transitions on a velocity scale 
with origin at z a b s = 1.18070. Vertical dashed lines mark 
velocity components discussed in the text. 
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z&hs = 1-0626 and 1.1801. The separation of the two prin- 
cipal lines of sight is ~1.9fo^ 5 kpc at z ~ 1. It is therefore 
possible that the clouds seen by their Na I absorptions do 
not cover the two brightest lines of sight. In that case, 
however, the column density could be even larger by a 
factor of two (see Section 4.4). 

Using the measurements by Sembach et al. (1993) and 
Diplas & Savage (1994), Bowen et al. (1995) find that , 
in our Galaxy, log A(H i) = 0.688 log N(Na i) + 12.16. 
Note that this correlation holds up to column densities 
log N(H i) > 21 (see e.g. Ferlet et al. 1985). Apply- 
ing this correlation for the z a b s = 1.0626 and 1.1801 ab- 
sorbers gives neutral hydrogen column densities of the or- 
der of log iV(H i) ~ 21.0 and 21.4 respectively, for gas- 
phase metallicitics comparable to what is seen in the in- 
terstellar medium in our Galaxy (the neutral hydrogen 
column densities could be even larger if the metallicity in 
these intermediate-redshift systems is smaller than in our 
Galaxy). Such large values for N(R i) are supported by 
the column densities of other species that are found to be 
surprisingly close to what is observed in typical interstel- 
lar clouds (see below and Table 2). This leaves little doubt 
that the systems are indeed damped Lyman-a systems. 

In our Galaxy, such high Na I column densities are seen 
only in dense and cool gas (see below) . The typical b values 
of the Na I diffuse components in both the local and low- 
halo gas is about 0.7 km s _1 corresponding to T < 500 K 
(Welty et al. 1994). Although the conclusion is very uncer- 
tain given the resolution of the spectrum (R ~ 37500) and 
the double nature of the background source, the lines we 
observe are consistent with b values as small as 1 km s _1 
(see below). From this, we derive an upper limit on the 
temperature of T < 2000 K. 

4-2. Comments on each system 
4.2.1. z abs = 1.062 

A subset of the absorptions detected in this system is 
shown in Fig. |?]. It can be seen that strong (but unsat- 
urated) absorptions from Ti n and Ca n are detected. 
The profile of the Ti II absorption is spread over about 
250 km s _1 but does not show any edge leading pattern 
(Prochaska & Wolfe 1998). We have selected to exam- 
ine two components at z a b s = 1.0613 and 1.0631 because 
they show well detached absorptions in Ti II, Mn II, Ca II 
and/or Fe II plus the component at z a b s = 1.0626 in which 
we see Na I. Column densities are listed in Table 2. We 
have adjusted the best values for b from the fit to the 
lines that are free of any blending, considering for sim- 
plicity that all species have the same Doppler parameter 
and assuming complete coverage. We find b = 1.5, 1.5 and 
1.9 for, respectively, z a b s — 1-0613, 1.0626 and 1.0631. 

Ca I is not detected and the 3<r upper limit on the 
column density in the three components we have selected 
is < 10.43, 10.43 and 10.20. The Mg nA2796,2803 and 



z olJO = 1.0633 




Fig. 9. Portions of the APM 08279+5255 spectrum cen- 
tered on the expected positions of Na IA3303.3 (top panel), 
Na IA3303.9 (middle panel) and Mg IA2852 (bottom panel) 
at z a bs = 1.181. The Na I component at z a b s = 1.1801, de- 
tected by the two lines of the doublet is indicated by a 
vertical dashed line. The spectrum of the standard star 
is overplotted in the middle panel. Metal lines from other 
systems are indicated by crosses. 



Fe IIAAA2382, 2600,2586 lines are badly saturated. More- 
over, they are redshifted in the Lymana forest, which 
prevents any fit of the lines. However, the unsaturated 
Fe HA2260 features detected at z abs = 1.0613 and 1.0626 
(see Fig. ^) give a reliable estimate of the Fe II column 
density, log N(Fe n) = 13.90±0.80 and 14.10±0.80 for 
b = 1.5 km s , the continuum being adjusted locally. 
The non-detection of Fe HA2367 at z a ^ s — 1.0631 gives an 
upper limit log iV(Fe n) < 14.60. 

4.2.2. z abs = 1-181 

A subset of the absorptions detected in this system is 
shown in Fig. [| The profile of the Mg I absorption is 
spread over more than 200 km s _1 but, as for the previ- 
ous system, it does not show any edge leading pattern. A 
number of absorption lines are optically thin or moder- 
ately saturated and reliable column densities can be de- 
rived even though difficulties arise from most of the com- 
ponents being badly defined (see Fig. ||). We have selected 
for study two subcomponents which are clearly seen in 
all absorption profiles at z a b s = 1.1799 and 1.1801. They 
are indicated on Fig. || by vertical dashed lines, and the 
column densities obtained from Voigt-profile fitting are 
given in Table 2. Doppler parameters have been consid- 
ered to be identical for all species. For z a b s = 1.1799 we 
find b = 2.5 km s _1 . 

For the component at z a b s = 1.1801 in which Na I 
absorption is detected, the Doppler parameter is estimated 
by fitting the well-defined lines of the sodium doublet after 
having taken into account the effect of Na IA3303.3 being 
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partially blended with an atmospheric feature (see Fig. ^). 
We obtain a best value b — l.li ]5 km s _1 . The column 
densities derived using the two values 6+ ler differ by large 
factors. We have therefore refined the determination of b 
and N using the following indirect argument. 

The ratio of the Mg I to the Na I column densities in 
neutral gas can be written 

N(Mg I) = M|_i x ^a_ x <>M i>< ZM i 

7V(Na i) Mg Na I <5 Na Z Na ' 1 ' 

where 5 is the depletion of the element due to the 
presence of dust and Z the abundance. Assuming that 
(i) the relative abundance of Na to Mg is solar, 
ZMg/^Na = 19, (ii) the relative depletion into dust- 
grains is (^Mg/^Na > 0.3 (Savage & Sembach 1996) 
and (iii) (Mg i/Mg n)x(Na n/Na i) > 0.15 in cold 
and neutral gas (Pequignot & Aldrovandi 1986), we 
derive N(Mg i)/iV(Na i) > 0.8. This estimation is 
certainly very approximate. However, this simple ar- 
gument shows that the latter ratio cannot be much 
smaller than 0.5. If we assume b = 1.5 km s _1 , then 
we find N(Mg i)/JV(Na i) = 0.045 which is defini- 
tively too small. We therefore have fitted the absorp- 
tion lines decreasing b from 1.5 to 0.5 km s _1 to find 
the largest N(Mg i)/iV(Na i) ratio. We find a max- 
imum N(Mg i)/iV(Na I) = 0.3 for b = 0.8 km s~\ 
log N(Mg i) = 13.0 and log A(Na i) = 13.5. 

4-3. Physical state of the gas 

Table 2 contains the column densities measured in the five 
subcomponents defined above. The penultimate column 
gives for comparison the column densities measured by 
Welty et al. (1999) in the neutral gas toward 23 Ori. This 
gas is found to have temperature T ~ 100 K, hydrogen 
density nn ~ 10-15 cm -3 (and therefore total thickness 
of 12-16 pc) and electronic density n c ~ 0.15±0.05 cm~ 3 . 
The last column of Table 2 gives the measurements for 
the strongest component of the warm neutral gas toward 
/iCol (Howk & Savage 1999). This gas is found to have 
T ~ 6000-7000 K and n c ~ 0.3 cm~ 3 . The two sets of col- 
umn densities are similar except for AT(Na i) which is much 
smaller toward /iCol. This illustrates directly that at least 
in the component at z ~ 1.1802 toward APM 08579+5255 
where Na I is detected, the gas is most likely to be neu- 
tral and cold. Moreover, note also that in our Galaxy, a 
ratio N(N& l)/JV(Ca n) > 1, as observed at z abs = 1.1802 
toward APM 08579+5255, is characteristic of cold gas 
in the disk. Indeed, along the line of sight to the LMC, 
such large ratios are observed only at the systemic ve- 
locities of the LMC and the Galaxy; gas in between has 
7V(Na i) /N(Ca n) < 1 (Vidal-Madjar et al. 1987, Vladilo 
et al. 1993). 

From the upper limit on Ca I and Fe I we can de- 
rive, in the components where 7V(Ca n) and iV(Fe Ii) are 
measured, a lower limit for the electronic density for a 



given ionizing field. Indeed, n c = (X° /X + ) x (T/a), where 
r is the photoionization rate and a the recombination 
coefficient. The corresponding electronic densities for a 
Galactic ionizing field (Pequignot & Aldrovandi 1986), are 
n c < 0.13 and 3 cm~ 3 for Fe and Ca at z a b s = 1.0626 and 
1.1801 respectively. Note that the determination of n e in 
the interstellar medium from the ratio of singly ionized 
to neutral species is highly uncertain probably because 
of contamination of the singly ionized column density de- 
termination by adjacent components (Welty et al. 1999). 
Writing the same relation for sodium and equating the 
expression of n c obtained for sodium and iron or calcium 
leads to upper limits on the Na i/Na II ratio which depends 
only on the shape of the ionizing spectrum and not on its 
absolute value. With the only assumption that the ioniz- 
ing spectrum has the same shape as in our Galaxy and us- 
ing the coefficients derived from Pequignot & Aldrovandi 
(1986; see Welty et al. 1999), we find log Na i/Na n < -1.3 
and 0.1 from the constraints obtained on Fe and Ca in the 
1.0626 and 1.1801 systems respectively. 

From N(H i) = A(Na i)x(Na/Na l)/Z"(Na) and 
using the two upper limits on the Na i/Na II ra- 
tios derived above, we can write A(H i) > 19.9 and 
19.5/(Z(Na)/Z Q (Na))/5(Na) at z abs = 1.0626 and 1.1801 
respectively, where <5(Na) is the fraction of sodium remain- 
ing in the gas phase after depletion into dust-grains. This 
factor is equal to about 0.1 in the ISM (Savage & Sem- 
bach 1996). This adds support to arguments presented 
previously that these systems are damped. To illustrate 
the discussion, simple photo-ionization models using the 
code Cloudy (Ferland 1996) have been constructed. The 
absorbing cloud is modelled as a plane parallel slab with 
uniform density, solar chemical composition and neutral 
hydrogen column density 5 x 10 20 cm~ 2 . The elements 
are considered to be depleted into dust-grains as in the 
cool cloud observed toward COph (Savage & Sembach 
1996). The shape of the UV flux is taken to be a power- 
law F v oc v~ 10 . The resulting column densities of various 
species along a line-of-sight perpendicular to the slab are 
given versus the ionizing parameter in Fig. [l^. As dis- 
cussed above, the N(Mg i) /JV(Na i) ratio can be smaller 
than one only if magnesium is more depleted into dust 
grains than sodium. Note that every model that produces 
enough Na I has temperature less than 100 K. 

Finally, we do not detect any CHA4300 and CH+A4232 
absorption. The limits on the column densities are 
log N(CR) < 13.5 an d log A(CH+) < 13.0 at both 
Zabs = 1-06 and 1.18 (see Table 2). This is just what 
would be expected in our Galaxy along an otherwise sim- 
ilar line of sight. Indeed, along the line of sight to 23 Ori, 
log A(CH+) = 13.06 and log N(CR) = 12.69 (Welty et al. 
1999; see Table 2). More generally, the column density of 
CH is observed to increase from 1.5 to 7.5 xlO 13 cm -2 for 
lines of sight with £b-v increasing from 0.5 to 1.5 (Gre- 
del et al. 1993). It would be of prime interest to obtain 
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Table 2. Column densities" 



Redshift 


1.0613 


1.0626 


1.0631 


1.1799 


1.1801 


23 Ori b 


^iCol d 


H I 












20.74 


19.86 


H , 












1 R "30 

lO.OU 


-LO.OU 


Na I 




1 9 Q1 +n 04 




9 4f) 


J-O.ouznu. -L -L 


-LO.OU 


1 1 fi e 
_L ± .U 


Mp- t 


1 1 fv c 

_L _L .U. 


hi 


1)1 


1 1 ri +n nfi 


1 "\ n+n 74 


1 ^ 81 


1 9 W 

-Li.OO 


Mg II 












-LO.UO 


ro.uo 


Ca I 


<10.43 


< 10.43 


<10.20 


<10.80 


<10.33 


10.20 




Ca II 


11.31±0.11 


bl 


11.71±0.03 


11.33±0.39 


11.79±0.35 


12.10 


12.19 


Ti II 


11.80±0.05 


<12.00 


11.90±0.02 


<11.66 


<11.20 


11.23 


11.78 


Mn II 


bl 


bl 


12.70±0.40 c 


bl 


bl 


13.15 


12.48 


Fe I 


<11.50 


<11.63 


<11.40 


<11.40 


<11.50 


11.34 




Fe II 


13.90±0.80 


<14.10 


<14.60 


13.36±0.07 


<15.00 


14.38 


14.13 


CH+ 


<12.80 


<12.70 


<13.00 


<13.20 


<13.30 


13.06 




CH 


<13.40 


<13.60 


<13.50 


<13.40 


<13.60 


12.69 





a logarithm of, in cm A ; Doppler parameters are taken to be 6 = 1.5, 1.5, 1.9, 2.5, 0.8 km s 1 for the five 

components respectively; the components are assumed to cover all images; 

6 Welty et al. (1999); c The continuum is fitted locally; d Howk et al. (1999); e Hobbs (1978). 

A sign "bl" means that no measurement is possible due to blending effects 
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Fig. 10. Results of photoionization models with Z — Zq, 
log N(H i) = 20.7, constant density and plane parallel 
geometry. Depletion into dust-grains is assumed to be 
the same as in the cool cloud toward COph (Savage & 
Sembach 1996). Column densities are given versus ioniza- 
tion parameter; the shape of the UV flux is a power-law 
F v oc v- 1 - . 

better data in this wavelength range to better constrain 
the molecule column densities. 

4-4- Consequence of partial covering factor 

From the detection of the Na lAA3303.3,3303.9 doublet, 
we can derive that the two components at z a bs — 1.0626 



and 1.1801 arise in cold, dense and neutral gas (see Sec- 
tion 4.3). It is therefore possible that the dimension of 
the cloud is less than ~1.9 kpc which is the separation 
of the lines of sight to the two brightest images at the 
redshift of the absorber assuming that the lensing object 
is at the same redshift. Indeed, large variations of Na I 
column density have been reported in the nearby inter- 
stellar medium on very small scales (Meyer & Lauroesch 
1999). We have therefore investigated the impact on the 
column density measurements of the assumption that the 
cloud covers the three images. If it is the case that the 
cloud covers only one of the images the column density is 
larger. The discrepancy cannot be very large, however, as 
most of the lines used for column density determination 
are weak. The strong lines are completely saturated and 
blended, which prevents in any case any determination of 
the line parameters. 

We have considered the Mg I and Na I lines in the 
^abs = 1.1801 component. It can be seen on Fig. ||that if 
only one image is covered, it cannot be the brightest as the 
residual normalized flux in the Mg I absorption is smaller 
than 0.5. As the flux ratio of the two brightest compo- 
nents is 1.2, we artificially placed the zero level at 0.4 on 
the scale of Fig. ||. Voigt profile fitting of the Na I doublet 
gives log iV(Na i) = 13.7 and b = 1 km s _1 which is within 
a factor of two of what has been derived previously (see 
Table 2). Four components have been used to fit the Mg I 
blend at Aw = —60 km s _1 (see Fig. ||). For the component 
at z abs = 1.1801, we obtain log 7V(Mg i) = 13.8. 

Note that in this case, the Na I and Mg I column 
densities are nearly identical to what is observed to- 
ward 23 Ori (see Table 2). We therefore conclude that 
iV(Mg i)/JV(Na i) ~ 1 is a robust measurement in this 
system. 
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Mg I is the line with the largest saturation among those 
used to derive column densities quoted in Table 2. There- 
fore, the column densities derived from weaker lines should 
not differ from what is quoted in Table 2 by more than a 
factor of two. 



4-5. Metallicity and dust content 

In the following we use the conventional definition [X/Hj 
= log(Z/Zo), with ZpCj the metallicity of species X rel- 
ative to hydrogen. Ca n and Ti n are both detected 
at z a bs = 1.0613 and 1.0631. The column densities are 
consistent with what is seen in the interstellar medium 
of our Galaxy (Stokes 1978; see Table 2). However, 

log iV(Ca ii)/iV(Ti II) 0.5 and -0.2 at, respectively, 

Zabs = 1-0613 and 1.0631 when the relative solar metal- 
licity is log Z Q (Ca) — log Zq(Ti) = 1.38. Various ex- 
planations for this discrepancy can be invoked, amongst 
them the most likely are: (i) Calcium is mostly in the 
form of Ca III, (ii) Calcium is more depleted into dust- 
grains than Titanium. Note that the relative metallicities 
[Ca/Fe] and [Ti/Fe] are both observed to be -+0.3 for 
[Fe/H] < -1 in late-type stars (Thevenin 1998). Note also 
that the Ca m/Ca n ratio derived in our Galaxy is in 
the range 5-10 which is much smaller than the discrep- 
ancy mentioned above. This favors the explanation that 
Calcium is heavily depleted into dust-grains (see below). 

In the z a bs = 1-0631 component, Mn n is also seen 
and log iV(Mn n)/JV(Ti Ii) ~ +0.8. As the solar metal- 
licity of Mn is —6.47, the relative solar metallicity is 
log Z (Mn) - log Z Q (Ti) = = +0.6. This is consistent 
with similar depletion of Mn and Ti as observed in warm 
gas (Savage & Sembach 1996). Therefore, in this compo- 
nent, we cannot rule out that the low Ca II column density 
is due to ionization. 

In the z a bs = 1.0613 component, Fe n is also 
seen with log N(Fe n)/iV(Ti n) - +2.1. The so- 
lar metallicity of iron and titanium are, respectively, 
—4.49 and —7.07 and the relative solar metallicity is 
log Z Q {Fe) - log Z Q (Ti) = +2.58. There is no differ- 
ential ionization correction for these two elements. The 
discrepancy, ~+0.5 dex, between the two ratios can only 
be explained by a larger depletion of titanium compared to 
iron into dust-grains by ~0.5 dex as in the cool gas of the 
ISM (Savage & Sembach 1996). Indeed, from nucleosyn- 
thesis alone, we would expect titanium to be enhanced 
compared to iron (Thevenin 1998) contrary to what is 
observed. We therefore conclude that depletion into dust- 
grains is present in this system. The low Ca II column 
density can indeed be explained by a large depletion of 
calcium into dust-grains as is observed in the ISM. 

The fact that Ti II is not detected in the z a b s = 1-18 system 
is surprising, although the limit on the column density is 
not stringent and only a factor of four smaller than what 
is seen in the z a bs = 1-06 components. 



The presence of dust is supported by the analysis of 
the column density ratios in the z a b s = 1-0626 and 
1.1801 components where Na I absorption is detected. In- 
deed, we can compute for different elements the quantity 
jV Q = lolx/H] x N(U !) which is the H I column density of 
a cloud with solar metallicity that would have the same 
column density of element X as the observed one. We 
compute, 



logiV = [X/H]+logAT(HI) = log N(X 



X 1 1 



(6) 



where Z Q is the solar metallicity and 1-8 the fraction of the 
element tied up into dust-grains. We assume solar metal- 
licity and depletion pattern given in Table 5 of Savage 
& Sembach (1996). Solar metallicities relative to hydro- 
gen for Na, Fe, Ca and Ti are, respectively, —5.69, —4.49, 
—5.66 and —7.07. If we assume that the absorption arises 
in cool gas similar to the gas seen in front of COph, we find 
that at z a bs = 1.1801, log N Q >20.44, <21.80, <21.18, 
<21.30 from Na, Fe, Ca and Ti and at z abs = 1.0626, 
log N Q >20.85, = 20.86, <22.10 from Na, Fe and Ti re- 
spectively. 

These consistent results sug- 

gest that, in the z a b s = 1-0626 and 1.1801 components, 
log N(R i) + [X/H] ~ 21 and the depletion into dust- 
grains is similar to what is seen in cool Galactic interstel- 
lar clouds. If the relation of Bohlin ct al. (1978) holds, this 
implies a color excess Eb-v ~ 0.2 with the only assump- 
tion that the overall dust-to-metal ratio does not depend 
on metallicity. At the wavelength of the Mg ii absorption, 
(A z =i ~ 3000 A; A^° - 1200 A; z^f t ° - 2xl0 15 Hz) this 
would induce an extinction of about 1 mag (Seaton 1979). 
At z^st° ~ Hz, the extinction would be negligible. 
Note that there is some evidence that vF v decreases by a 
factor of two from 10 15 to 10 14 Hz in the APM 08279+5255 
SED (Lewis et al. 1998). 

The amount of dust suggested by the previous discus- 
sion is significant. We have therefore searched the spec- 
trum of the quasar for some signature of this amount 
of dust. For this, we have compared the spectrum of 
APM 08279+5255 with the composite QSO spectrum ob- 
tained with the FOS-HST (Zheng et al. 1997) attenuated 
by dust with optical depth Td us t(A) at the observed wave- 
length A, 



Tdust(A) = k 



N 



X 



1 + z 



(7) 



where £(A) is the ratio of the extinction at the wave- 
length A to that in the B-band as observed in our Galaxy, 
k = 10 21 cm -2 tb/-/V(H i) is the dimensionless dust- 
to-gas ratio and N the H I column density (e.g. Pei et 
al. 1991, Srianand & Kembhavi 1997). We assume here 
log N(R i) = 21. The redshift of the QSO is taken to 
be zqso = 3.91 and that of the absorber z a bs = 1.1. 
The results are shown in Fig. 11 where the spectrum of 
APM 08279+5255 as observed over part of the i?-band 
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(solid line) is plotted together with the composite HST- 
FOS QSO spectrum attenuated by dust with optical depth 
in the B-band Td us t(B) =0.1, 0.2 and 0.3. It is apparent 
that the best fit is obtained with Ta U st(B) ~ 0.3. In our 
Galaxy, this would correspond to about Eb-v ~ 0.1. This 
is two times smaller than what has been derived above. 
This suggests that the dust to metal ratio in the redshifted 
gas is about half that in our Galaxy. 

Altogether we find that the H I column density at z = 1 
is of the order of 1 x 10 21 cm -2 to 5 x 10 21 cm~ 2 , the 
corresponding metallicity is in the range 1-0.3 Zq, the 
dust-to-metal ratio is about half that in our Galaxy and 
the relative depletion of species into dust-grains is similar 
to what is observed in cool gas in the disk of our Galaxy. 

The colors of the images derived from HST imaging 
are nearly identical (Ibata et al. 1999). The differential 
reddening over kpc scales is smaller than 10%. This indi- 
cates that, although the medium is highly inhomogeneous, 
the extinction is fairly uniform over distances of the order 
of the separation between the lines of sight. It must be 
noted that the number of components in the two strong 
Mg II systems must be quite large. Indeed, the Mg n ab- 
sorptions reach the zero level over —200 and 350 km s _1 
at, respectively, z a b s = 1.181 and 1.062. One single com- 
ponent cannot be much larger than about —10 km s 
and therefore the number of components is larger than 
20 and 40 respectively along all three lines of sight. This 
is probably larger than what is seen in the disk of our 
Galaxy (Sembach & Danks 1994). Therefore, it may well 
be possible that the total reddening we see is not due to 
one strong component only but rather is due to the ac- 
cumulated effect of a large number of diffuse clouds with 
small and similar extinctions. As the number of clouds 
is large and similar along the different lines of sight, the 
differential extinction is small. To probe this, higher S/N 
ratio data should be obtained in the region of the Na I ab- 
sorption to investigate what is the velocity spread of this 
absorption. 

4-6. Nature of the systems 

Churchill (1999) has shown that Mg II systems at inter- 
mediate redshift can be classified in five categories: DLA, 
Double, Classic, C IV deficient and Weak. The first class 
is characterized by strong Mg II absorption saturated over 
—150 km s~ x and, when observed, the Lyman-a line is 
damped. The Double systems are characterized by kine- 
matic velocity spreads up to 400 km s _1 . Other classes 
correspond to much weaker systems. 

The system at z a b s = 1.181 would be classified as Dou- 
ble (see Fig. ||): it has Mg IIA2796 absorption saturated 
over more than 150 km s _1 in total. The characteristic 
double profile is very similar to that of the system at 
z abs = 1.17 toward Q 0450-132 (see Petitjean et al. 1994). 
The system at z a b s = 1.062 would be classified as DLA, as 
the Mg II absorption is continuously saturated over more 
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Fig. 11. Spectrum of APM 08279+5255 as observed over 
part of the i?-band (solid line) plotted together with the 
composite QSO spectrum obtained from FOS-HST obser- 
vations (Zheng et al. 1997) and attenuated by dust with 
optical depth in the B-band, Td U st(B) =0.1 (a), 0.2 (b) 
and 0.3 (c; see text). The Galactic extinction curve is as- 
sumed. 

than 300 km s _1 (see Fig. 0). To our knowledge, this sys- 
tem has one of the strongest Mg n absorption features 
known (W r ~ 3.3 A). As seen from Fig. [j], the Ti n ab- 
sorption spans — 300 km s" 1 and coincides exactly with 
the saturated part of the Mg II absorption. 

At high-z, Prochaska & Wolfe (1998) have shown that 
most of the low-ionization absorptions associated with 
DLAs, have an edge-leading profile, possibly revealing 
large-scale rotational motions. They conclude that DLA 
systems arise in large rotating disks. Haehnelt et al. (1998) 
have claimed that the observed profiles can be reproduced 
as well if the line of sight passes through several interact- 
ing blobs. Indeed, Ledoux et al. (1998a) have shown that 
the observed profiles are consistent with rotation when 
they span less than AT^ ~ 150 km s _1 . For larger velocity 
spreads, several sub-systems are usually seen. 

The characteristic edge-leading profile is seen in the 
z a bs = 2.974 system (see below, Fig. |l^) but not in the 
z a bs = 1-062 and 1.181 Mg II systems. The large spread of 
the profiles (> 200 and 300 km s _1 ) is more reminiscent 
of the profile seen toward the supernova SN 1993 J in the 
large nearby spiral galaxy M 81. The latter is part of a 
complex interacting group together with M 82, NGC 3077 
and NGC 2976 with tidally stripped H I linking individ- 
ual galaxies over an area of -50x100 kpc 2 (Yun et al. 
1994). The Mg n absorption is characteristic of the Dou- 
ble class as defined by Churchill (1999). It is spread over 
—400 km s^ 1 with two strong saturated absorptions of 
width, respectively, AI^ ~ 150 and 90 km s _1 , and sepa- 
rated by -180 km s" 1 (Bowen et al. 1995). Most of the 



13 




0.5 



0.5 



0.5 



0.5 



0.5 




•200 200 -200 

Relative velocity kms -1 



200 



Fig. 12. Absorptions in a few transitions on a velocity 
scale with origin at z a b s = 2.974. Vertical dashed lines 
mark the position of the strongest components. 



absorption is due to tidal debris expelled outside the disks 
of the interacting galaxies. 

In the case of the z abs = 1.062 system, the Mg II ab- 
sorption does not show any sub-structure. Such strong ab- 
sorption is expected to occur in the central part of galax- 
ies. Although the statistics are very poor, it seems that 
when strong absorption occurs, the equivalent width of 
the absorption is anti-correlated with the impact param- 
eter between the line of sight and the center of the galaxy 
(Bowen et al. 1995). The impact parameter could be as 
low as 1 kpc for a system with W r ^3 A. The separation 
between the two bright images of APM 08279+5255 is 
~1.9h^ kpc at z ~ 1. This suggests that the object giv- 
ing rise to the z abs = 1.06 Mg II system could be nearly 
exactly aligned with the quasar. 

5. The system at z a b s — 2.974 

There is a strong absorption feature with W b s > 19 A at 
A = 4831 A. It corresponds to H I Lyman-a at z a b s = 2.974. 
The only possibility of coincidence with a BAL transition 
could be Lyman/3 at z abs = 3.71 but there is no corre- 
sponding Lymana transition (see Srianand & Petitjean 
2000). Although the red-wing of the absorption has the 
characteristic shape of a damped transition, uncertainties 
in the continuum determination prevent an accurate de- 
termination of the column density. Associated absorptions 



from Al II, Fe II, Si II, C n and O I are detected in four 
components spanning ~100 km s _1 (see Fig. [lj). By fit- 
ting the Lyman-a line, we estimate that the total H I 
column density in the four components is in the range 
19.8 < log N(H i) < 20.3. 

It is important to note that there is no evidence that 
the cloud does not cover the three lines of sight which 
are separated by ~ 200/J75 1 pc at the redshift of the ab- 
sorber. Indeed, the core of the H I absorption is black over 
~ 15 A. Column densities integrated over the absorption 
profiles have been obtained for all species and summarized 
in Table 3. Column #3 of Table 3 gives the abundance of 
the element assuming that log N(H i) = 20.3 in the cloud 
and that the observed ion is the dominant species. Given 
the uncertainty in the neutral hydrogen column density, 
the absolute values are unreliable and could be 0.5 dex 
higher. Column #4 and #5 of Table 3 give the solar metal- 
licity and the metallicity relative to solar respectively. It is 
remarkable how consistent the measurements are, which 
point toward metallicities less than 10~ 1,5 Z Q . The low 
metallicities are not due to depletion into dust-grains. In- 
deed, the relatively small neutral hydrogen column density 
implies that column densities of relatively abundant ele- 
ments can be measured. It is apparent that iron is not de- 
pleted compared to carbon or oxygen and that the amount 
of dust in this cloud must be very small. 

Metallicity in damped Lyman-a systems is usually 
measured using zinc, an element that is not very much 
depleted into dust-grains in our Galaxy and, because it 
has relatively low metallicity compared to other elements, 
induces non-saturated absorptions even for clouds of high 
hydrogen column density. There is barely no evolution in 
the measured Zinc metallicity from z ~ 1 to z ~ 3 (Pet- 
tini et al. 1997, 1999). At z > 3, in most damped Lyman-a 
studied up to now, zinc is not detected. This is most prob- 
ably a consequence of limited S/N ratio of the data how- 
ever. Indeed, the detection limit of most of the spectra is 
log iV(Zn n) ~ 11.5 which means [Zn/H] < —1.4 (see e.g. 
Prochaska & Wolfe 1997). It can be noted that in the sys- 
tem at z abs = 2.974 toward APM 08279+5255, the limit on 
zinc is of this order. However, as we can measure metallic- 
ities for more abundant elements, we know that metallic- 
ities are less than —1.5. For such abundances, zinc would 
have been detectable in the spectrum of APM 08279+5255 
only for H I column densities larger than 10 21 cm -2 . It is 
therefore possible that the upper limit found for the zinc 
metallicity at z > 3 in previous surveys is indicative of 
a true evolution of the metallicity in individual systems 
(see also Prochaska & Wolfe 2000; Savaglio et al. 1999). 
This should be checked by measuring in the same systems 
abundances of species like carbon, aluminium, silicon and 
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Table 3. Column densities" in 


the 2 a K H 


= 2.974 system 




log N 
\ Lm J 




Zrs 




H I 










C ii 


14.5 


-5.80 


—3.45 


—2.35 


O i 


14.8: 


-5.50 


-3.13 


-2.37 


Al ii 


12.5 


-7.78 


-5.52 


-2.26 


Si ii 


13.8 


-6.55 


-4.45 


-2.10 


Fe ii 


13.5 


-6.80 


-4.49 


-2.31 


Zn II 


<11.8 


< -8.50 


-7.35 


< -1.1 


Ni ii 


<12.5 


< -7.80 


-5.75 


< -2.0 



a logarithm of, in cm A ; " log N (H i) = 20.3 is assumed; 



c typical errors are ±0.3 dex. 



6. Conclusion 

The doublet ratio of several intervening Mg nAA2796,2803 
systems along the line of sight to APM 08279+5255 is ob- 
served close to unity, indicating saturation of the lines, 
whereas the depth of the lines is close to 0.5 in the nor- 
malized spectrum (see Fig. |l|). This can be understood 
if the absorption profile is made of components with ar- 
bitrarily small Doppler parameters (b ~ 1-1.5 km s _1 ). 
This would imply however a surprisingly low temperature 
(1500-3000 K) when the gas is expected to be heated by 
photo-ionization to temperatures larger than 10 4 K (e.g. 
Petitjean et al. 1992). A more likely explanation of these 
observations is that Mg II galactic halos are composed of 
a collection of clouds each of them having dimensions less 
than ~1 kpc. Individual clouds, regularly spread over the 
velocity profile by kinematics, cover only one of the two 
brighest image of the lensed quasar. The number density 
of clouds is not large enough for the absorption material 
to cover the two lines of sight at all velocity positions. The 
total covering factor of the halo however is close to one, 
consistent with observations of associated galaxies at in- 
termediate redshift. In contrast, the two strong Mg II sys- 
tems at z a bs = 1-06 and 1.18 have covering factor equal to 
one (the lines are saturated and go to the zero level) over 
more than 200 km s _1 . These latter systems are likely to 
arise due to absorption through the central part of galax- 
ies where the number of clouds is so large that saturated 
absorption occurs along both lines of sight whatever the 
radius of the individual clouds might be. 

Models by Mo & Miralda-Escude (1996) have shown 
that halos with small rotation velocity (< 100 km s _1 ) 
should contribute little to the total cross-section of Mg n 
systems as they have dimensions as small as 5 kpc. This 
conclusion is probably true at z < 1 (see also Churchill 
et al. 1996). It is however interesting to note that most 
of the z > 1 Mg II systems studied here (see Fig. 
are spread over much less than 100 km s _1 . Moreover, 
they have equivalent widths W r ~ 0.43, 0.37, 0.12, 0.99, 
0.28 and 0.17 A at z abs = 1.211, 1.5497, 1.5523, 1.813, 
2.0418 and 2.0668 respectively. Therefore the systems we 
see have similar strengths as the systems which, at lower 



redshift, are associated with large halos of galaxies. In par- 
ticular, they are generally stronger than the weak Mg ii 
systems studied by Churchill et al. (1999). This means 
that, contrary to what is seen at lower redshift, these sys- 
tems could be associated with halos of low rotation veloc- 
ity (< 100 km s _1 ) and thus small radii. 

The two strong Mg II systems at 2 a bs = 1-06 and 1.18 
are studied in detail. Absorption from Ca II, Mg I, Ti II, 
Mn II and Fe II have been observed in several damped 
Lyman-a systems over a large range of redshift (Meyer et 
al. 1995, Lu et al. 1996, Vladilo et al. 1997, Proschaska & 
Wolfe 1997, Churchill et al. 2000). This is, however, the 
first time that Na I is also detected at such redshift, thanks 
to the combination of high S/N ratio and high spectral res- 
olution. This additional strong constraint shows that the 
gas in these systems is cool and neutral. Indeed, similar 
column densities are observed in our Galaxy for Ca II, 
Mg I, Ti II, Mn II and Fe II in warm and cool gas clouds 
toward, respectively, fiCol and 23 Ori. Only the Na I col- 
umn density differs; it is more than an order of magnitude 
larger through the cool cloud. Doppler parameters as low 
as b ~ 1 km s _1 are derived from Voigt-profile fitting of iso- 
lated subcomponents. We find that the H I column density 
at z = 1 is of the order of 1 x 10 21 cm~ 2 to 5 x 10 21 cm~ 2 , 
the corresponding metallicity is in the range 1-0.3 Z@, the 
dust-to-metal ratio is about a third that in our Galaxy and 
the relative depletions of iron, titanium, manganese and 
calcium are similar to those in cool gas in the disk of our 
Galaxy. The dust-to-metal ratio measured here is similar 
to what is derived in most of the damped Lyman-a sys- 
tems (Vladilo 1998, Savaglio et al. 1999). The presence of 
dust is supported by the reddening of the QSO spectrum 
over the i?-band. These are probably amongst the most 
metal and dust-rich damped Lyman-a systems at z ~ 1. 
The dust depletion pattern is similar to that observed in 
cool gas in the Galaxy. All this is consistent with the find- 
ing by Petitjean et al. (1992) that although most of the 
damped Lyman-a systems arise in warm gas, the high- 
est column densities are due to a collection of clumps that 
condense out of the warm phase due to thermal instability 
(see also Lane et al. 2000). 

Another damped Lyman-a system is seen at 
z abs = 2.974 with 19.8 < log N(R i) < 20.3. As the 
Lyman-a line is black over about 15 A, the cloud must 
cover the three QSO images. The transverse dimension 
of the absorber is therefore larger than 200 pc. Col- 
umn densities of Al II, Fe II, Si II, C II and O I indi- 
cate abundances relative to solar of —2.31, —2.26, —2.10, 
—2.35 and —2.37 for, respectively, Fe, Al, Si, C and O (for 
log N(H i) = 20.3). Metallicities are therefore less than 
10~ 15 Zq and, if any, the amount of dust in the cloud is 
very small, as are any deviations from relative solar abun- 
dances. It seems likely that the difficulty to detect Zinc in 
several damped Lyman-a systems at z > 3 in previous sur- 
veys is indicative of a true cosmological evolution of the 
metallicity in individual systems (see also Prochaska & 
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Mellon R.R., Charlton J.C., et al., 2000, ApJ 
, Rigby J.R., Charlton J.C., Vogt S.S., 1999, 



Wolfe 2000, Savaglio et al. 1999). This should be checked 
by measuring in the same systems abundances of species 
like carbon, aluminium, silicon and iron. 
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